Abstract: Aim: Taking into account an increasing number of pregnancies after the assisted reproduction, we tried to evaluate the risk of pre-eclampsia for mono-foetal pregnancy after IVF and to determine the degree of risk factors. Material and methods: The study included 16,400 patients, while 15,874 of them were after spontaneous conception and 526 after conception using assisted reproductive technologies. For the basic statistical analysis, we used frequency tables and basic statistical characteristics for numeric and ordinary variables. To verify the statistical dependence, we used contingency tables, Fisher exact test and the odds ratio. Results: In the group of women after in vitro fertilisation, a higher incidence of pre-eclampsia was recorded than in the group of women after spontaneous conception. Conception via in vitro fertilisation represents the 3.4-fold risk of pre-eclampsia development (OR 3.404 95% CI 2.407-4.8).
Introduction
Pre-eclampsia is a multifactorial disease, which complicates about 6-8 % of pregnancies. Pre-eclampsia is manifested after 20 weeks of gestation. The clinical image is characterised by hypertension of over 140/90 mmHg in women who were normotensic before their pregnancy. Proteinuria is present (300 mg/24 h or 30 mg/dL or more) in two random urine samples taken at the 4-6 hour interval. The sign of bilateral oedemas was excluded from the diagnostic criteria.
Pre-eclampsia is the major cause of maternal mortality in developing countries; globally, as many as 50-70 thousand women die every year as a consequence of this disease.
According to certain hypotheses, the immunological and genetic basis of this disease is assumed, with the existence of specifi c genes, which play an important role in the haemocoagulation and proinfl ammatory reaction of an organism (1) . The major pathophysiological change is abnormal placentation with hypoperfusion and local ischemia. In physiologic pregnancy, the remodelling of uterine spiral arteries takes place due to the invasion of foetal cytotrophoblast cells. The originally narrow, high-resistance vessels are transformed into dilated, high-capacity ones. This markedly increases the fl ow-rate of blood in the uterine vessels. In pre-eclampsia, the cytotrophoblast invasion is insuffi cient and the vessel remodelling is weak, which results in a reduced placental perfusion, relative hypoxia, ischemia and dysfunction of the endothelium. Consequently, substances are formed, which are associated with an increased vascular resistance, extensive and purposeless endothelial activation and coagulation (2-3). The prostacyclin level signifi cantly decreases and thrombocytes are subsequently activated. Fibrin deposits are formed, sensitivity to angiotensin II increases, and subsequently vasoconstriction, sodium retention and oedema formation take place.
A higher incidence and worse consequences of pre-eclampsia are recorded in women with poly-foetal pregnancy, chronic hypertension, pre-gestational diabetes mellitus and pre-existing thrombophilia (4). The most frequent risk factors are shown in the Table 1 . After introducing an assisted reproduction into clinical practice, the risk factors of pre-eclampsia also include in vitro fertilisation (5) (6) (7) (8) . Specifi c risk factors of pre-eclampsia associated with the assisted reproduction include the patient's age, primiparity, pre-conception hypertension, and controlled ovarian hyperstimulation. According to the most recent observations, the polycystic ovary syndrome with insulin resistance is recognised as a signifi cant risk factor (7) .
In general, women undergoing in vitro fertilisation are older and they are mostly primiparae. These two factors are recognised as the essential risk factors for pre-eclampsia development. A higher age is a risk factor for hypertensive disorders during pregnancy.
For women at the age of more than 34 years, this risk increases by 30 % every year. Primiparity increases the risk of pre-eclampsia three-fold (9). However, the higher age and the parity are probably not the key risk factors.
At present, there is no available study comparing the incidence of gestational hypertension or pre-eclampsia in patients after in vitro fertilisation with or without pre-existing hypertension. However, pre-existing hypertension, activated sympaticus and reninangiotensin-aldosterone complex may have a signifi cantly adverse effect on the course of pregnancy. They may cause complications in the form of elevated blood pressure values or pre-eclampsia in patients after a spontaneous conception, as well as in patients after in vitro fertilisation.
A higher incidence of hypertension complications when donor oocytes and sperms are used has been confi rmed by several studies (13) (14) . In the group of women undergoing IVF with donated sperms, the incidence of hypertension complications was 25 % higher than in the control group (14) .
A higher risk of gestational hypertension is typical for patients with the polycystic ovary syndrome. At present, there are several hypotheses about the mechanism in which polycystic ovaries and insulin resistance increase the incidence of pre-eclampsia. Insulin resistance causes secondary hyperinsulinaemia. Hyperinsulinaemia may cause an increased retention of sodium, its increased intracellular content with activation of sympaticus. Insulin also stimulates the generation of IGF -1 (insulin-like growth factor), which may participate in the induction of pre-eclampsia by potentiating the vessel muscle cell hypertrophy (15) . Obesity and an increased androgen level, which are often a part of the polycystic ovary syndrome, also increase the risk of hypertension. The exact mechanism, in which androgens increase the blood pressure, is not known. There are considerations about a direct link with endothelin 1, which is a signifi cant vasoconstricting factor (15) . The meta-analysis of the incidence of hypertension and pre-eclampsia in patients undergoing IVF for various reasons confi rmed its 4-fold higher incidence in patients with PCO (16). However, certain other studies of a similar design did not confi rm a more frequent incidence of hypertension complications within PCO (17) .
Material and methods
The sample included 16,400 patients with mono-foetal pregnancy. Of this, 15,874 patients were after spontaneous conception and 526 patients after conception using the assisted reproductive technologies. Patients after the assistant reproduction who underwent an embryo transfer and a frozen embryo transfer were included in the sample, but patients who underwent the intrauterine insemination or hormonal induction of ovulation followed by a spontaneous pregnancy were excluded.
In our study, we used data extracted from the offi cial hospital information system Medea, which works with the database OpenEdge 10.1 C. Then the information was processed electronically in cooperation with the Central Information Technology Administration Department of the University Hospital of Bratislava.
The data were taken from a standardized case record, fi lled in by the physician upon the patient's admission. These data contain information about the mother's personal history, family history, course of pregnancy, complications, previous parities, and also include the basal information about the new-born's condition, weight, length and Apgar score in the fi rst, fi fth and tenth minutes of life.
The statistical analyses were made using the SPSS software. For the basic statistical analysis, we used the frequency tables and basic statistical characteristics (range, mean, standard deviation) for numeric and ordinary variables.
To verify the statistical dependence of two nominal or categorised signs, we used cross tables and the Fisher exact test. For 2x2 contingency tables, also odds and odds ratios were determined. The odds ratio, a basic statistical data, which expresses the ratio of probabilities of incidence of a sign. It is the ratio of the frequency of presence of a certain sign to the frequency of its absence, when it is exposed to a certain risk factor. Evaluation • OR = 1 -there is no correlation between the risk factor and the disease • OR > 1 -positive association, negative risk factor • OR < 1 -positive association, the factor is called the protective one. The simultaneous infl uence of several factors on the investigated phenomenon was investigated using the logistic regression, where we mainly utilised the adjusted odds ratios. The adjusted odds ratio (aOR) expresses the strength of a risk factor, with the determination of the confi dence interval (95% CI).
The relationships between the investigated quantities are signifi cant, where the following applies for the respective p value: p < 0.05. The tables and the graphic representations of comparisons were made using Excel.
Results
Of the overall sample of 16,400 patients, pre-eclampsia occurred in 393 cases. Of this, 38 cases of pre-eclampsia occurred after the assisted reproduction and 355 cases after a spontaneous conception.
Pre-eclampsia occurred in the sample of patients after spontaneous conception in 2.2 % of cases and in the sample of patients after assisted reproduction in 7.2 % of cases (Tab. 2). After evaluation using the Fischer exact test, this is a statistically signifi cant difference in the pre-eclampsia incidence. The OR of pre-eclampsia for mono-foetal pregnancy is 3.404 (confi dence interval: 95% CI 2.407-4.814). The probability of its incidence after the assisted reproduction is almost 3.5-fold higher than in the sample of patients after a spontaneous conception (Tab. 3). Table 4 shows the adjusted odds ratio by the investigated risk factor. It is the expression of the strength of risk factors based on statistical processing using logistic regression and the determination of the adjusted OR. The strongest risk factors include, in particular, chronic hypertension, high BMI, primiparity and a higher age of parents. Signifi cant risk factors also include weight gain and GDM coincidence. Recurrent pregnancy and the age of up to 29 years appear to be the protective factors.
The adverse effect of assisted reproduction is often attributed to the characteristic signs of patients, where especially a higher age, primiparity and a higher average weight are evident. Figure  1 shows the prevalence of pre-eclampsia as a function of the conception method and the BMI. The red curve represents patients after the in vitro fertilisation and the blue curve represents patients after a spontaneous conception. The graph shows a signifi cantly higher prevalence when matching the patients by input weight. The patients' BMI was divided into 5 categories according to the international classifi cation applicable to the European female population. The BMI category 0 is underweight (less than 19), the BMI category 1 is normal (healthy weight) (19-23.9), the BMI category 2 is moderately overweight (24-28.9), the BMI category 3 is obese class I (29-33.9), the BMI category 4 is obese class II (34-38.9), and the BMI category 5 is severely obese class III (over 39). Figure 1 shows an evident relationship between the prevalence of pre-eclampsia and the BMI. The prevalence of pre-eclampsia markedly increases with an increasing BMI, and for the BMI category 5 (over 39) pre-eclampsia occurs with the prevalence of 66 %.
Despite the same course of curves for the both conception methods, it is evident after dividing the patients by BMI that a higher percentage of prevalence of pre-eclampsia is also due to other causal factors than the BMI. In a high probability these are factors resulting from the patients' subfertility or sterility. Prevalence of pre-eclampsia in relationship to age and means of conception Distribution of pre-eclampsia in age categories Figure 2 shows the prevalence of pre-eclampsia as a function of age and conception method. Very similarly as in the preceding case, the prevalence of pre-eclampsia strongly increases after the women's age of 34 years in the both samples.
Taking into account the above-mentioned risk factors and after the statistical processing of our sample, we assume that the higher incidence of pre-eclampsia in case of assisted reproduction is caused by a higher number of patients with the polycystic ovary syndrome. Currently, the PCO and PCO like syndrome is the most frequent cause of infertility, together with the andrologic factor. The higher incidence of pre-eclampsia in patients after IVF is not so probably a consequence of the assisted reproductive technology itself as it was considered before, but its cause is patients' subfertility due to polycystic ovaries and insulin resistance.
Discussion
Assisted reproduction has become an integral part of everyday clinical practice in gynaecology and obstetrics. An increased number of sterile pairs and the utilization of assisted reproductive technologies have also refl ected in the results of our observations. When comparing the input incidence of deliveries after IVF in 2006 (2.69 %) with the incidence in 2012 (4.83 %), we observed almost the 2-fold increase. Taking into account the increasing incidence of pregnancies after in vitro fertilisation, provided that such a trend continuously increases, it is desirable to know complications arising from such pregnancies.
In our observations, we confi rmed a higher prevalence of pre-eclampsia in the sample of patients after assisted reproduction. Conception via in vitro fertilisation represents almost the 3.5-fold risk of pre-eclampsia development when compared with spontaneous conception.
In 2013, an article was published in the Journal of Human Hypertension, which dealt with the question whether or not conception after an assisted reproduction is associated with a higher incidence of hypertension in pregnancy (19) . This involved a systematic search for literature published in the PubMed database until the end of 2010, which included 47 articles meeting the chosen requirements. These articles confi rmed a statistically signifi cant increase in the incidence of hypertension and pre-eclampsia in pregnancies after IVF when compared to spontaneous conception. Multi-foetal pregnancy, mother's higher age and polycystic ovaries are considered by the authors as the most signifi cant risk factors of gestational hypertension.
Results similar to that in our study were achieved by several authors dealing with the incidence of pre-eclampsia after the assisted reproduction. In a Canadian retrospective study, which involved a group of 1,357 patients after the assisted reproduction and a control group of 5,190 patients after a spontaneous conception, IUI or induction of ovulation, the authors confi rmed the 2.5-fold higher risk of pre-eclampsia after IVF (OR 2.5, 95% CI 1.05-3.06). However, also articles, which do not confi rm any signifi cant difference between the incidence of hypertension or pre-eclampsia in mono-foetal pregnancy after IVF and after spontaneous conception can be found (20) .
In the category of prospective studies, in one article, the authors divided the patients into the 3 groups. The fi rst group consisted of 554 patients who underwent the in vitro fertilisation treatment (IVF -ET, ICSI, KET, GIFT). The second group consisted of 1,222 patients who underwent a non-invasive fertility treatment (intrauterine insemination or induction of ovulation followed by spontaneous pregnancy), and the last group included patients who became pregnant spontaneously, without any medication treatment. This group consisted of 34, 286 patients. The study only included mono-foetal pregnancies and showed the 2.7-fold higher risk of hypertension in patients who underwent in vitro fertilisation than in patients with spontaneous conception. In the second group of patients, no signifi cantly higher incidence of gestational hypertension was confi rmed, therefore the authors assume that subfertility is not a signifi cant causal or risk factor (21) .
The causal factor of pre-eclampsia after in vitro fertilisation is very diffi cult to identify. We cannot separate potential risk factors, because they are often a part of a nosologic unit (22) .
Conclusion
Taking into account an increasing number of deliveries after IVF, it is very important to know the degree of risk of complications in pregnancies after the assisted reproduction. We need to know the actual degree of risk and on its basis to adjust the prenatal care management in order to minimise prenatal and perinatological complications.
However, defi ning the degree of risk is only the fi rst step in reducing the percentage of complications. At this stage, it is essential to accept the defi ned risk and to manage the prenatal advice centre for patients after in vitro fertilisation accordingly. It is desirable to eliminate the risk factors from the very beginning, within the preconception preparation. The aim of assisted reproduction should not be only the successful fertilisation of a patient, but -fi rst and foremost -the delivery of a healthy child, with a minimum hazard to the mother's health. At the same time, the pairs undergoing the artifi cial fertilisation should know the actual risk associated with the pregnancy, as well as with the child-bearing itself.
Within the prenatal care of pregnancies after in vitro fertilisation we recommend the blood pressure monitoring not only at the advice centre, but also so-called self-monitoring. The aim is early detection of an increased blood pressure and early hypertension treatment. Although there is no effi cient prevention of pre-eclampsia, according to the most recent studies the calcium supplementation and the low-dose acetylsalicylic acid treatment, as well as an increased intake of antioxidants and E and C vitamins, could act preventively. The weight control and the weight gain control of obese patients during their pregnancy is of special importance.
